The CP violation observed in K-and B-mesons can be successfully accommodated via the CKM matrix in the standard model. However the additional CP violation is required in order to induce the matter and anti-matter asymmetry observed in the Universe. The additional CP violation can be induced by complex vacuum, namely the spontaneous CP violation. In this paper we reveal the intimate connection of the spontaneous CP violation and the lightness of the Higgs boson, which was recently discovered by ATLAS and CMS at the LHC. 
CP violation is required in order to account for the matter and anti-matter asymmetry in the Universe, as pointed by Sakharov [3] several decades ago. In the SM, CP nonconservation does exist in the CKM matrix. However such CP violation is not sufficient to accommodate the observed asymmetry [4] . Seeking additional source of CP violation is one of the most important motivations of B-factories, super B-factories and LHCb. In the SM the origin of CP violation in CKM matrix can be traced back to the complex Yukawa interaction among Higgs field and fermions. Besides such explicit CP violation, CP non-conservation can also be traced back to the complex vacuum, as pointed by T.D. Lee [5, 6] 
II. SPONTANEOUS CP VIOLATION AND LIGHTNESS OF HIGGS BOSON IN TWO HIGGS DOUBLETS MODEL
One decade ago, we have investigated the simplest spontaneous CP violation model [7, 8] and applied it to the B-meson decay, especially in the large tan β case. The motivations of this model are as following. If one insists the natural flavor conservation (NFC) condition, a minimum of three Higgs doublets are necessary in order to have spontaneous CP violation [9] [10] [11] . Provided that NFC is given up, the CP can be explicitly violated in the Higgs potential. However we are only interested in the spontaneous CP violation and investigate its connection with Higgs boson mass. In this paper we will investigate the properties of the Higgs potential for the simplest case of spontaneous CP violation, i.e. only introducing two complex Higgs doublets without obeying NFC condition. In the previous works, we have introduced additional terms which break NFC condition only softly [7, 8] .
For two complex Higgs doublets Φ i (i=1,2) with hypercharge Y = 1,
i and φ ± i represent neutral and charged complex component of Φ i , the most general CPinvariant Higgs potential can be written as 
where λ i (i=1-7) are real parameters.
We assume that the minimum of the potential is at
which breaks the gauge group SU(2) L ⊗ U(1) Y down to U(1) em and the CP invariance. We
In the end the v is determined by the mass of weak gauge bosons, as usual.
The requirement of the stationary point of the potential leads to the following constraints:
Re 12 is not the physical term since it can be rotated away by redefinition of fields and other parameters.
For sin ξ, v 1 , v 2 = 0, we can solve the equations to get
After substituting those conditions into Higgs potential, we can trade v 1 , v 2 , ξ with
, λ 2 . It should be emphasized that ξ = 0 is the trivial solution of the stationary conditions! In this case Eq. 9 does not necessarily hold (cf. Eq.6), the would-be-eliminated parameter by this equation will eventually control the mass of pseudo-scalar, usually denoted as A in literature.
The potential minimum conditions require that at the stationary point
where
We show here explicitly the first inequality
and the other two tedious inequalities can be easily deduced.
Now we switch to the spectrum of the physical Higgs bosons. The charged part can be written as (φ
2 ) where the mass matrix
The mass eigenstates of G − and H − can be written as
with
As usual the charged Goldstone boson G ± will be absorbed by charged gauge bosons.
For the neutral part, in the basis of {Im(φ 1 ), Im(φ 2 ), Re(φ 1 ), Re(φ 2 )} the symmetric mass matrix M can be expressed as
From mass matrix M, we should note one important feature in the limit of ξ → 0. In this limit, the whole mass matrix can be decomposed into zero and a non-zero M ′ 2×2 matrices as
This feature can be understood because we have applied the constraint of Eq. 9, which is 
Here the matrix N can be expressed as
N 33 = 1 2 2(λ 4 − λ 7 ) cos 2 β cos 2 ξ + 4λ 5 cos β sin β cos ξ + 8λ 6 sin 2 β .
In the limit of ξ → 0, we can expand the determinant of mass matrix as
Trace of the mass matrix can be expanded around ξ = 0 as
The mass of the lightest neutral Higgs boson mass can be written, around ξ = 0, as
The mass eigenstate of this neutral Higgs boson approaches − sin βIm(φ In the following, we show explicitly the neutral Higgs mass spectrum, especially the lightest one. One can diagonalize the 3 × 3 real symmetric mass matrix via 
